T he damaging effects of ultraviolet (UV) radiation to the skin are well known. The most active part of natural UV spectrum is short-wave UVB (280-320 nm), which is known to induce inflammation and cancer in human skin (1, 2) . Pure UVB radiation is now used only for medical indications. In contrast, the use of long-wave UVA is widespread for indoor tanning. However, in vitro and in vivo studies have shown that UVA also has numerous biological effects (3), possibly damaging DNA (4, 5) and inducing cancer in animals under special conditions (6) (7) (8) (9) . Therefore, the use of commercial sunbeds as a source for UV exposure remains controversial. Although the association of epithelial skin cancers with sunbed use is not certain, a possible relationship with the development of malignant melanoma has been suggested (10) (11) (12) (13) (14) .
UV radiation leads to formation of melanin and an increase in thickness of the stratum corneum. These physiological protection responses depend on the nature of the UV radiation. Studies have shown that repeated exposures to erythrogenic UVB radiation lead to increased pigmentation and hyperkeratosis of the epidermis (15, 16) . UVA ever, no increase in MED was observed. In addition, neither epidermal thickening nor sunburn cells were seen. Significant detectable changes in proportion of the UCA isomer content of the UV-exposed skin were seen. The total UCA and cis-UCA content increased significantly between nearly all points of measurement. The amount of trans-UCA first decreased, then increased significantly between the different time points. Conclusion: Our data indicate that sunbed-induced tanning is non-protective, which has to be addressed for persons looking for this effect before planning a stay in a sunny climate. However, sunbed-induced tanning may influence immunological reactions.
Key words: minimal erythema dose; skin thickening; sunbed; urocanic acid; UV radiation. radiation also induces increased pigmentation of the skin. The protective function of melanin against UV damage is based on the absorption, reflection, scattering of photons and the metabolism of free radicals (17) . On the other hand, skin thickening after UVA radiation has not yet clearly been shown to be protective (18, 19) .
Urocanic acid (UCA: 3-imidazolyl-4-acrylacid) occurs in high concentrations as the trans isomer in the liver and the stratum corneum of the epidermis of humans and other animals. UCA is produced in the epidermis by amino cleavage of histidine. Maximum in vivo photoisomerization from the trans isomer to the cis isomer occurs at 300-315 nm in the UVB range. Total content of UCA in the stratum corneum is increased by UV radiation (20) . The trans isomer serves as a natural light protecting factor due to his UV radiation-absorbing capacity (21, 22) . On the other hand, several studies have shown that cis-UCA has an immunosuppressive effect (23) (24) (25) , which adds to development of UV-induced skin tumours in mice (26) . Using High Performance Liquid Chromatography (HPLC), alterations in UCA content under UV radiation can be studied (27) (28) (29) .
The purpose of the present study was to analyse photobiological changes in skin with the regular use of commercial sunbeds twice a week for 6 weeks. These effects were measured non-invasively by measuring skin pigmentation with a chromameter (30) , minimal erythema doses and the UCA content by elution (29) . Skin biopsies were taken to assess skin thickening, and to enumerate sun-burn cells and apoptotic cells.
Material and methods
Subjects and study design A total of 99 healthy caucasian volunteers (67 female and 32 male) aged between 18 and 30 years (mean 24.4 years) were included in this study (67 had skin type II and 32 skin type III according to Fitzpatrick (31) ). Participants had no skin diseases and had not been exposed to UV radiation in the study area for at least 6 weeks before beginning the study. While participating, an additional exposure of the study area with UV radiation by natural or commercial sources was not permitted. The study was approved by the local ethics committee and all subjects gave written informed consent. Participants were directed to use a commercial sunbed twice weekly (separated by at least 3 days) over a period of 6 weeks. Commercial sunbeds emit mainly UVA radiation (UVB representing approximately 0.9% according to the manufacturer) from Ltubes (Cosmedico Light, Stuttgart, Germany) with a radiation power of 0.27 W/m 2 . Radiation exposures were between 7 and 9 min, with doses between 1.13 and 1.46 J/ cm 2 . The study was performed between February and March 1999 in Munich.
Test parameters
Measurements were made at four different time points: before (p1), after 3 weeks (p2 Ω 6 UV exposures), after 6 weeks (p3 Ω 12 UV exposures), and after 12 weeks, 6 weeks after the last exposure (p4).
Using a Chromameter (CR-300; Minolta, Osaka, Japan) skin pigmentation at the frontal part of the right thigh (TR) and the left upper gluteal region (GR) was measured in all 99 subjects at time points p1, p2 and p3 according to the guidelines of Fullerton et al. (32) . The Chromameter CR-300 is a precise apparatus that measures skin colours with the three colour procedure. The colour space of the L*a*b*-system is defined by the lightness L* (black-white) and the colour co-ordinates a* (green-red) and b* (blue-yellow).
The MED of 35 subjects was measured with the Erythema-Tester ETG-1 (A.L.T. GmbH, Zörbig, Germany) (33) at time points p1, p3 and p4 to determine whether the light sensitivity decreased due to sunbed use.
Punch biopsies (4 mm) were taken from the upper right gluteal regions of 10 subjects at p1 and p3. Histological 224 examination of the routine haematoxylin-eosin-stained sections of the biopsies was done to assess thickening of the epidermis. TUNEL staining (in situ cell death detection kit, Boehringer Mannheim, Germany) was performed to enumerate apoptotic sunburn cells (34) .
The UCA content was examined in all 99 test persons in a test area 4.35 cm in diameter on TR and GR at p1, p2 and p3. UCA was extracted by elution according to the guidelines of Hermann et al. (29, 30) . The resulting aliquot was analysed by HPLC to determine UCA content.
Statistical analyses used Statistica, version 5.1. (Stat. Soft. Inc., Tulsa, OK, USA). The Wilcoxon test was used to determine statistical significance. A P-value of 0.05 or below denoted a significant result.
Results

Chromametry
All 99 volunteers showed an obvious increase in pigmentation in the course of the study. The L-, a*-and b*-values of the gluteal and the thigh region are shown in Table 1 . Table 2 shows the significant changes in skin colour between time points p1 and p2, p2 and p3, and p1 and p3 assessed by chromametry. The L-value concerning the lightness of the skin decreased significantly in GR at all Table 2 . Chromametry on gluteal and thigh region, comparison between p1 and p2, p2 and p3, and p1 and p3
Statistical analysis done with the Wilcoxon test πΩ significance, P Ͻ 0.5; -Ω no significance.
time points, in the TR between p1 and p2, and p1 and p3 respectively. There was no significant change between p2 and p3. Values of the colour co-ordinate a* in the GR and the TR were significantly different between p1 and p2 and between p1 and p3. No significant changes were seen in either area between time points 2 and 3. The colour coordinate b* showed significant changes in the GR between all time points, in the TR between p2 and p3 and between p1 and p3 but no significant difference between time point 1 and 2.
Minimal erythema dose (MED)
The MED did not change significantly during the study. At p1, a mean MED of 21.85 mJ/cm 2 (SD ∫ 8.76) was Fig. 1 . Changes of the content of trans-UCA, cis-UCA and total amount of UCA on gluteal region at p1, p2 and p3. At pl cis-UCA was below detection level.
Fig. 2. Changes of the content of trans-UCA, cis-UCA
and total amount of UCA on thigh region at p1, p2 and p3. At pl cis-UCA was below detection level.
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measured, at p3 MED was 23.96 mJ/cm 2 (SD ∫ 9.00) and at p4 23.18 mJ/cm 2 (SD ∫ 9.37).
Histological examination
The haematoxylin-eosin-stained sections showed no increase in thickness (mm) of the whole epidermis or in the layers of the stratum corneum. Immunohistological TU-NEL staining demonstrated no change in the number of apoptotic cells.
Urocanic acid
UCA was eluted in 99 subjects from the GR and TR at p1, p2 and p3. trans-UCA content first decreased significantly in GR and TR between p1 and p2, then increased significantly between p2 and p3. Due to the decrease of the total amount of trans-UCA, there is a significant decrease between p1 and p3 in both areas.
In the GR as well as in TR, cis-UCA was below detection level at p1. cis-UCA content rose significantly between p1 and p2 and between p1 and p3 in GR. There was no significant change between p2 and p3. In the TR between all time points the content increased significantly. There was no significant change in total UCA content between p1 and p2 in the GR and the TR but a significant increase between p2 and p3, and p1 and p3 respectively, in both areas. Figures 1 and 2 show changes of the content of trans-UCA, cis-UCA and total amount of UCA in the test area in the course of the study. Significance, respectively decrease/increase are demonstrated in Table 3 .
During the study, objective side-effects such as sunburn or the polymorphous light eruption were not seen. On the other hand, most subjects reported a positive influence on their psyche as the study progressed.
Discussion
In the present study, changes in endogenous photoprotective mechanisms in response to conventional commercial sunbeds were examined. In the course of the UV irradiation, skin pigmentation increased significantly, both Table 3 . Urocanic acid on gluteal and thigh region, comparison between p1 and p2, p2 and p3 and p1 and p3
Statistical analysis done with the Wilcoxon test:
π Ω significance, P Ͻ 0.5; -Ω no significance. ↓ decrease. ↑ increase.
clinically and chromametrically, confirming the results of an earlier study (35) . Although initial MEDs on the gluteal area before UV exposure were higher than in another study using the Erythema-Tester ETG-1 (33), we observed no decrease in UV sensitivity despite of the increase in pigmentation.
Thickening of the epidermis plays the most important role of the physiological light-protecting factors. After UVB exposure increased pigmentation as well as skin thickening has been reported in several studies (15, 16, 19) . UVA exposure leads to an increase of pigmentation. Clear proof for skin thickening has not been verified yet (18, 19) . A recent study demonstrated that after 13 days of exposure with a total dose of 1.237 J/cm 2 there was a non-significant hyperplasia associated with a significant increase of stratum corneum layers (35) . Histological evaluation of punch biopsies taken in our study could not confirm these results, as neither thickening of the epidermis nor an increase of stratum corneum layers was detected. Thus, there was no correlation between the chromametrically proved increase in pigmentation while using sunbeds and the development of a protective skinthickening.
Our observation of increased pigmentation supports the view of a French group who detected increased pigmentation after repeated UVA exposures in suberythemagenous doses (35) . Thickening of the epidermis in this French study was the result of a cumulative UVA dose of 1200 J/cm 2 . In our study, the total dose was approximately 100 times lower, and we did not change the radiation intensity during the study.
Whether higher radiation doses at each visit or an increased radiation frequency would have altered our results can not be answered. The lack of sun-burn cells in the histological and immunohistological studies argues against an influence of UVA on the epidermal structure in our study. However, commercial UV exposure is not immunologically inert. Changes in total UCA content and isomer proportion prove that regular visits to a commercial solarium may affect the immune system. There are significant changes in the trans-UCA content, and total UCA content increases as well, as does the content of cis-UCA.
Our data clearly indicate that a sunbed-induced tan is not protective. Persons looking for protection before planning a stay in a sunny climate should be properly informed.
The psychosomatic aspects of the artificial UV exposure have not been a controlled parameter of this study. However, the majority of our subjects reported a better mood and a positive influence on their psyche. These subjective parameters should be given more attention while planning further studies of commercial solariums.
